terminal clades that correspond to phylogenetic species. This study introduces a new approach for morphological delimitation of agaricoid Clavariaceae combining shape and dimensions of particular elements in the pileipellis and caulocystidia. All previously described taxa included in this study, which were previously treated in the genera Hygrophorus, Camarophyllopsis or Hygrotrama, are formally transferred to Hodophilus.
characterized by its unpleasant camphor-like odour together with skatol and methyl mercaptanlike components, which persists for some years in dried herbarium specimens (Arnolds 1990 ).
D r a f t
Based on its phylogenetic position, it has been recently transferred from the genus Camarophyllopsis Herink (Ca.) to the genus Hodophilus R. Heim (Birkebak et al. 2016 ).
Members of both genera had been previously treated within the genus Hygrophorus Fr. (Dennis 1953 , Singer 1959 , Hesler and Smith 1963 . The genus Hodophilus, typified by Hygrophorus foetens W. Phillips (Heim 1966) , is characterized by a hymeniderm pileipellis composed of globose, obpyriform to sphaero-pendunculate terminal elements and absence of clamp connections (Birkebak et al. 2016 ).
In Europe all Camarophyllopsis collections with such strong odours have been identified as a single species, Ca. foetens (W. Phillips) Arnolds (Boertman 2012 , Kovalenko et al. 2012 , originally described from Wales in the U.K. (Phillips 1878). Hesler and Smith (1963) reported four Hodophilus taxa with strong odours from North America (treated in the genus Hygrophorus), including the European type species (Smith and Hesler 1954) 
. They distinguished
Hygrophorus foetens from other North American taxa based on a darker brown colour of the pileus, a stipe covered by squamules, and a hymeniderm pileipellis composed of enlarged cells. In this study we taxonomically revise species with strong odours because it is easy to sort them out among the 27 species described in the genus Camarophyllopsis D r a f t 4 (http://www.mycobank.org/). Some of these have been combined recently in the genus Hodophilus (Birkebak et al. 2016) , but others are of uncertain systematic position. The odour of European collections of Hodophilus foetens is most frequently described as similar to Tricholoma sulphureum (Bull.) P. Kumm. or Thelephora palmata (Scop.) Fr. (e.g. Phillips 1878, Heim 1969 , Moser 1978 , but also as strong, fetid, gas-like (Boertman 2012) or naphthalene-like (Courtecuisse & Duhem 1994) . Hesler and Smith (1963) described the odours of North American taxa as pungent (Hygrophorus foetens); exceedingly strong, penetrating, disagreeable (Hygrophorus paupertinus); strong, offensive (Hygrophorus peckianus); and very distinctly disagreeable when the flesh is bruised (Hygrophorus subfuscenscens var. odora). Ghyselinck (2003) analysed odour descriptions of Hodophilus foetens by various authors and concluded that the best fitting term to describe them as naphthalene-like (similar to the odour of moth balls). We further refer to the strong odours among these taxa as of naphthalene. Hesler and Smith's monograph (1963) is the most recent comprehensive North American taxonomic study of what are now recognized as Hodophilus species. No molecular studies have been published supporting species delimitation of species of Hodophilus with naphthalene or otherwise strong odours and testing the transatlantic distribution of Hodophilus foetens. A study by Birkebak et al. (2016) suggested that genetic diversity of both North American and European collections corresponds to more than one species with naphthalene odours. Here we seek to circumscribe species of North American Hodophilus taxa described with a naphthalene odour based on morphological observations and a multi-locus phylogenetic analysis using authentic (including type) material and recent well-documented collections. We seek to confirm if the European species Hodophilus foetens occurs in North America, or if there are any other species with strongly disagreeable or naphthalene-like odours that have transatlantic distributions. We D r a f t 5 also seek to evaluate the taxonomic importance of the naphthalene odour for classification within the genus Hodophilus.
Hygrophorus subfuscescens

Materials and Methods
Taxon sampling
Types of Hygrophorus foetens, Hygrophorus peckianus, Hygrophorus paupertinus and
Hygrophorus subfuscescens var. subfuscescens and Hygrophorus subfuscescens var. odora were included together with 14 other North American collections of Hodophilus (Supplementary Table S1 ). Sequences from GenBank related to North American Hodophilus species with naphthalene odours were also used. 20 European collections identified as Hodophilus foetens were used to test the transatlantic distribution of species with naphthalene odours. 20 other Hodophilus specimens without this smell were included in our phylogenetic taxon scheme to clarify relationships within the genus Hodophilus (Supplementary Table S1 Birkebak et al. (2016) .
DNA extraction, PCR, and Sequencing
Three gene regions (nLSU ribosomal RNA, ITS and rpb2) were sequenced and analyzed.
Protocols of Birkebak et al. (2013) were followed for DNA extraction, PCR, and sequencing.
Primer pairs ITS1F-ITS4 (Gardes and Bruns 1993, White et al. 1990 ) were used to amplify the ITS region. Combinations of LR0R-LR7, LR0R-LR5, or LR0R-LR16
(http://sites.biology.duke.edu/fungi/mycolab/primers.htm) were used to amplify and sequence D r a f t 6 the nLSU region. The primer pair b6F and b7.1R (Matheny 2005 ) was used to amplify and sequence the most variable region of the rpb2 gene. Sequencing was performed at the UT Genomics Core facility (Knoxville, Tennsessee, USA) and at the SEQme sequencing Company (Dobříš, Czech Republic).
Phylogenetic analyses
Alignments for individual regions were created in CLUSTAL X (Larkin et al. 2007 ) and manually adjusted by eye in AliView (Larsson 2014) . Individual alignments were concatenated in SeaView version 4 (Gouy et al. 2010) . PartitionFinder (Lanfear et al. 2014 ) was used to identify the best partition scheme and molecular models under the AICc criterion. Maximum likelihood (ML) phylogenetic reconstruction was performed with RAxML version 7.4.2 (Stamatakis et al. 2008) implemented in RAxML GUI (Silvestro and Michalak 2012) with 1000 bootstrap replicates. Bayesian inference (BI) was performed in MrBayes v3.2.2 (Ronquist et al. 2011 ) running 10,000,000 generations and sampling parameter states and trees every 10,000 generations. In order to ensure convergence had been reached, the average standard deviation of split frequencies was monitored to ensure it fell below 0.01, and trace files of the parameters were examined to ensure proper mixing. A 25% burn-in was used. We consider bootstrap values >70% and posterior probabilities >0.95 as strong support for clades. Bootstrap values between 50 and 70 and posterior probabilities between 0.80 and 0.95 can be considered as moderate support for clades. States and provinces for the United States and Canada are abbreviated and country abbreviations follow the three-letter ISO code (International Organization for Standardization, Geneva, Switzerland). All sequences are deposited in GenBank. The concatenated final alignment has been deposited at TreeBASE (S19050).
Morphological analyses
Macromorphological descriptions were prepared from fresh material shortly after collection from the field. Colour nomenclature standards follow Kornerup and Wanscher (1967) .
All micromorphological characters were observed under the Olympus CX-41 light microscope with an oil-immersion lens at a magnification of 1000×. All drawings of microscopic structures, with the exception of basidiospores, were made with a camera lucida using an Olympus U-DA drawing attachment at a projection scale of 2000×. Basidospores were scanned with an Artray Artcam 300MI camera and measured by Quick Micro Photo (version 2.1) software. Enlarged scanned pictures of spores were used for measuring with an accuracy of 0.1 µm and for making line drawings. Microscopical structures were examined on desiccated herbarium specimens in Congo red solution with ammonia after a short treatment in warm aqueous 10% KOH. Q-value is the length/width ratio of basidiospores. Measurements exclude ornamentation. Statistics for measurements of microscopic characters are based on 30 measurements and given as a mean value plus/minus standard deviation; values in parentheses give measured minimum or maximum values. Basidiospores were tested in Melzer's reagent for amyloid or dextrinoid reactions (Moser 1978) .
In order to find micro-morphological differences among studied taxa, shape and size of the following elements were compared: basidiospores, basidia, caulocystidia, marginal cells on the lamellar edge, and terminal and subterminal cells of hyphae in the pileipellis. Pileipellis elements near the pileus margin and pileus centre were observed and evaluated separately, as several publications suggested that pileipellis structure may change depending on its position from the pileus margin (e.g. Ronikier and Moreau 2007, Adamčík and Buyck 2011) .
Results
Phylogenetic analyses
All nodes recovered from the ML inference were also recovered by the BI analysis. All recent collections of North American Hodophilus with naphthalene odours are grouped in three well-supported clades (Fig. 1) 
Morphological delimitation of genetically defined groups
Our morphological observations showed several differences among species defined by D r a f t the molecular analyses. The most distinct differences represented by micro-morphological characters are labelled in Table 1 Pileus (2.5-) 4-11 mm broad, convex, weakly depressed near the centre when old, margin not striated, sometimes slightly crenulated, surface smooth, slightly rough when young, becoming granulose and cracking when old, matt, hygrophanous, colour when moist near the margin dark blond (5D3-5D4), young with white outline, near the centre greyish brown to chocolate brown (6E4-6F4), eye brown (7F4) to black, when dry near the margin orange grey D r a f t (5B2-5B3), birch grey (5C2), dry near the centre brownish orange (5C3). Stipe 9-24 × 0.75-2 mm, smooth and reflective except where slightly pruinose near lamellae, upper part bronze (5E5), brownish orange (5C3) or brown (6D3-6E4) when young, becoming darker with age dark blond (5D4) to chocolate brown (6F4), near the base first dark blond (5D4), later hair brown (5E4) or chocolate brown (6F4), flexuous, sometimes narrowed near base. Lamellae 1-2 mm wide, L=12-23, l=0-1, short decurrent, brownish orange to grey brown (5C3-6C3-6D3, 5B3-5D2).
Flesh elastic, with a naphthalene odour but also mixed with other farinaceous or unpleasant components, dry orange grey (5B3), wet greyish brown (6E3).
Basidiospores ( 
Commentary: Hodophilus hesleri is similar in field aspect and in microscopy to
Hodophilus peckianus from which it differs by narrower caulocystidia and by the absence of globose terminal cells in the pileipellis. It is possible that there are some historical reports of 
Original description:
Pileus (5) 10-20 mm, latus, subplanus, siccus, isabellinus demum umbrinus; caro cinerea, odore subnauseosa; lamellae angustatae, distantes vel dibdistantes, decurrentes, subcinereae; stipes 1-2 (3) cm. longus, 3-6 mm. crassus, fragilis, solidus demum cavus, isabellinus demum umbrinus, glaber; sporae 5-6 × 4-5.5 µm, subglobosae .
Basidiospores (4.6-) 5.7-6.7 (-7.5) × (4.3-) 4.7-5.4 (-6) µm, av. 6.4 × 5 µm, Q (length/width) = (1.09-) 1.16-1.36 (-1.51), av. Q = 1.26, broadly ellipsoid to ellipsoid, hyaline, smooth, inamyloid, not dextrinoid, thin-walled, hilar appendage up to 1 µm long. Basidia 4-spored, 47-56 × 5-7.5 µm, hyaline, narrowly clavate, attenuated and flexuous toward base.
Basidioles cylindrical to narrowly clavate, obtuse, often flexuous, ca. 3.5-7 µm wide. Commentary: Hygrophorus paupertinus was described and reported originally from
California Hesler 1942, Hesler and Smith 1963) Original description:
Odorous, rather firm, gregarious or subcaespitose ; pileus fleshy, convex or slightly depressed in the centre, smooth, hygrophanous, fuliginous when moist, paler buff-brown when dry, the margin curved and sometimes wavy; lamellae subdistant, broad, thick, arcuate, decurrent, pallid when young, becoming darker with age; stem smooth, stuffed or hollow, subflexuous, often compressed and attenuated below, coloured like the pileus; spores subglobose, rough, .0002 in. in diameter.
Plant 1-2 in. high, pileus 5-10 lines broad; stem about 1 line thick.
Ground under Pteris aquilina. Lake Pleasant, August.
Odor quite strong, resembling that emitted by some species of Golden-eyed lace-wing flies (Chrysopha (1948) and Smith and Hesler (1954) with the original diagnosis suggests that their interpretation of the species was correct. Hesler and Smith (1963) place the species in the section Camarophyllopsis because the hyphae are not oriented perpendicularly to form a hymeniderm. In However, it is possibly a useful character to distinguish the species from other similar species.
Hodophilus peckianus has been reported from New York (Howe 1874), Massachusetts (Murrill 1916) , North Carolina (Coker 1948) , Michigan (Smith and Hesler 1942) and Tennessee (Hesler and Smith 1963) . The drawing included in Fig. 2 Original description:
Pileus 6-25 mm. latus, connexus, glaber, udus, olivaceo-luteus, demum olivaceo-brunneus; lamellae distantes, decurrentes, subluteae, demum sordide avellaneae; stipes 2-4 cm. longus, 1.5-3 mm. crassus, glaber, (Smith and Hesler 1954) , the species was adopted by later authors (e.g. Romagnesi 1971 , Singer 1975 
Discussion
Pileipellis structure and infragenetic classification Hesler and Smith (1963) In addition to differences in the overall structure of the pileipellis, we observed 
Species nomenclature and morphological delimitation.
Hygrophorus paupertinus is not only clearly identified by the position of the type sequence in the phylogenetic tree ( Fig. 1 ), but it is probably the most distinctive species studied here. All three studied collections (type and two more recent ones) show a pileipellis composed of typical inflated terminal elements mixed with numerous narrower, clavate, or cylindrical elements. Bellow, the species is re-described and combined in the genus Hodophilus.
The phylogenetic tree also clearly demonstrates that Hygrophorus subfuscescens var.
odora is very different from other North American Hodophilus samples with naphthalene odours.
Because of the close sequence identity with the typical variety, the var. odora is not accepted here as a distinct infraspecific taxon and the species is re-described based on the types of both varieties and combined in the genus Hodophilus.
The phylogenetic position of the type of Hygrophorus peckianus is unknown due to unsuccessful attempts at sequencing, and this species represents a nomenclatural challenge for two unidentified North American clades of Hodophilus with naphthalene odours. Our morphological studies demonstrate two differences observed on the Hygrophorus peckianus type specimen that distinguish it from both unidentified clades but also from the type of H. foetens: 
Importance of field characters
Hesler and Smith (1963) used several field characters to recognize four North American taxa with strong unpleasant odours: pileus and lamellar colour, width of lamellae, surface texture of the stipe and the pileus, and the odour of basidiomata. All of these characters are compared in Table 2 . Concerning the colour of the pileus, both species described here as new are very similar.
They have brown and grey tints of variable intensity because of a hygrophanous surface. We did not observe on our material for the two new species any cinnamon colour reported for
Hygrophorus foetens by Hesler and Smith (1963) C. Hodophilus smithii (holotypus). Scale bar = 10 µm. 
D r a f t
Maximum Likelihood phylogeny inferred from three loci (ITS, LSU, and rpb2) with species-level clades highlighted as well as the two known superclades composing the genus Hodophilus. Collection labels are updated with appropriate taxon labels except where collector identifications disagree. Also included are collection labels, country or state/province, and whether this represents a type collection. Bootstrap values followed by Bayesian posterior probabilities are indicated at nodes. B. Hodophilus paupertinus (holotypus). C. Hodophilus smithii (holotypus). Scale bar = 10 µm. Hyphal terminations in pileipellis near the pileus margin. Scale bar = 10 µm. 
